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UGANDS 

TECHNICAL FTRTD 

This invention relates generally to the fields of biochenustry and medicine. More 
5 paiticulady , die present invration relates to isotope-labeled and radio-labeled compounds that 
bind to nicotinic receptors and their use in discov^ of tfaorapeatic conq)ounds, diagnosis, 
and imflgifig in nenrodegeneiadve» psychiatric and neurological diseases. The invention also 
relates to positron CTUSsion toniogr2q[>hy ligands for nicotinic acetylcholine lecqptors. 

10 BACKGROUND OF THE INVENTION 

Nicotinic acetylcholine receptors are involved in a range of disorders involving 
reduced cholinergic function sudi as Alzheimer's disease, cognitive or attention disorders, 
anxiety, depression, smoking cessation, neuroprotection, schizophrenia, analgesia, Tourette's 
syndrome, and Parkmson's disease as is discussed in: McDonald et aL, (1995) **Nicotinic 

15 Acetylcholine Receptors: Molecular Biology, Chemistry and Pharmacology", Oi^t^ 5 in 
Aimual Reports in Medicinal Chemistry, vol. 30, pp. 41-50, Academic Press Inc., San Diego, 
CA; Williams et oL, (1994) "Neuronal Nicotinic Acetylcholine Receptors," Drug News & 
Perspectives, vol. 7, pp. 205-223, and Holladay et oL, (1997) /. Med Cherrk 40(26), 4169- 
4194; Amaric and Brioni (Eds.) (1998) **Neuronal Nicotinic Receptors: Pharmacology and 

20 Ther^eutic Opportunities^ John Wiley & Sons. New York; Levin QBd.) (2001) "Nicotinic 
Receptors in tiie Nervous System** CRC Press. 

Radio-labeled compounds that bind selectively to a recqptor are useM because 
sensitive and quantitative tecliniqnes are available for die detection of the radioactivity i^ch 
allow the interaction of a c(»iq)ound witii its receptor to be detected and measured. 

25 One method of discovering conq)Ounds which bind to a receptor is to perform a 

binding assay where the degree of displacemmt of a radio-labeled compound by another 
compound is measured. Thus, radio-labeled forms of conq>ounds tiiat potmfly bind receptors 
are useful to screen for novel medicinal coiopounds which bind to recqptors. Such novel 
medicinal coiiq)ounds may iTV^^ig»t*^ the activity of fiiose recqptors by agonism, partial- 

30 agonism, or antagonismL 

The ability of analogue conq[)Ounds to bind to localized receptors witiun the body 
makes it possible to utilize such compounds for in situ imaging by PET, SPECT and similar 
imaging methods. PET imaging is accomplished with the aid of tracer compounds labeled 
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with a positcon-enuttiiig isotope: Coodman, M. M. Qinical Positron Emission Tomography, 
Mosby Yearbook, 1992, K. F. Hubner et al.. Chapter 14. Fbr most biological targets, few 
isotopes are suitable. The carbon isotope^ ^^C, has hem used for PET, but its short half-life of 
20.5 minutes limits its usefulness to compounds that can be synthesized and purified quickly, 
S and to facilities that are proximate to a cyclotron where the precursor ^ starting mat^ial is 
g^earated. Other more raergetic isotc^ have cwea shorter half-lives, has a half-life of 10 
minutes and ^^O has a half-life of two minutes. Nevertheless, PET studies have been carried 
out with these isotopes as described by Hubner, K. R, in Clinical Positron Emission 
Tomography, Mosby Year Book, 1992, K. F. Hubner, et oL^ Cbapta: 2. [^^-labeled 
10 conqK)unds have been used in PET studies, but tfadr use is litxuted by the 110-minute half-life 
of the isotope. Most notably, [^^-fhiorodeoxyglucose has been widely used in studies of 
glucose metabolism and localization of glucose uptake associated with brain activity. [^^-L/- 
fluorodopa and other dopamine receptor analogs have also been used in mapping dopamine 
rec^tor distribution. 

IS SPECr imaging enq>loys isotope trac^ that emit high eaesrgy photons (y-emitters). 

The range of useful isotopes is greats than for PET, but SPECT provides lower tbree- 
dim^isional resolution. Nevertheless, SPECT is widely used to obtain clinically significant 
iufonnation about analogue binding, localization and clearance rates. A isotope used for 
SPECT imapng is a y-emitter with a 13.3 hour half life. Con^unds labeled with can 

20 be shipped up to about 1000 miles fix>m ttie manufacturing site, or the iscitope itself can be 
transported for on-site synthesis. Eighty-five percent of the isotope's emissions are 159 KeV 
photons, ^ch is readily measured by SPECT instrumentation currently in use. 

Increasingly, the precise location and distribution of receptors in the brain and other 
tissues is of intoest to clinical researchers, clinidam and diag^ostidax^ The distribution of 

25 nAChR's in the brains of individuals having disontos involving reduced cholinergic function 
such as Alzheimer's disease, cognitive or attention disordm, anxiety, depression, smoking 
cessation, neurqprotecdon, schizophrenia, analgesia, Tomette's syndrome, and Paridnson's 
disease is of growing interest as the molecular bases of diese conditions is being discovered 
The precise location and distribution of uAChRs in the brain and otiier tisaies is also of 

30 inaqportance in assessing the relevance of ammal models of tiiese conditions. 
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DESCRIPnON OF TEIB INVENTION 

Jn one embodimeat, the present mvotition encon^Misses nicotinic receptor radio- 
ligands of formula I: 




10 wha:dn: 

A is independently at each occuirrace CR^ or N; 

independently at each occurrence is H, Ci-Cealkyl, or halogen, provided that at 
least one occurrence of comprises tritium or a halogen radioisotope. 

Other embodiments of the invention enconq>ass enantiomers and phannaceutically- 
15 acceptable salts of die radio-ligands, pharmaceutical compositions and formulations 
containing tiiem, processes and intermediates used to prepare them and uses of them for 
diagnostic and analytic purposes. 

Compounds of the invention are radio-ligands for nicotinic acetylcholine receptors 
(nAChRa). Such compounds are compounds of formula I: 



20 




wherein: 

Ar is a moiety formula 11: 
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Aisindq)endeQdy ateacfaocciinenceCR^orN; . 
S is ind^ndeotly at each ocanraoce H, Ci-Cfialkyl, or halogen, provided diat at 

least one occunence of comprises tritium or a halogen radioisotope. 

Catain ^bodiments of the invention are diose in which no more than one occunence 
of Aisnitrog^ 

Odier embodiments of the invration are those in which no more than two occurrences 
10 of B} are odier dian hydrogen. 

A particular aspect of <the invention are compounds in which Ar is a moiety of formula 

in. 




IS Particular CTobodhnents of this aspect of the invention are compounds wherem R^ is 

hydrogen or fluorine, and A is N at no more than one occurrence. 

More particular embodiments of this aspect of die invention are tiiose in which Ar is 
sdected from pheayU 2-[^^fluocophCTyl or 2-[^*P]fluon>-3-pyridyL 

Particular embodiments of the invention are also tiiose in whidi tiie radicnsotope is 

20 tritium. 

Other particular enabodunents of the invention are tiiose in which ttie radioisotope is 
selected ftom ^ '^'l, ^^r, ^^r, ^Br or *^r. 

Most particular embodiments of the invention are those in which the radioisotope is 

iSp 

25 Particular embodiments of tiie invention are compounds of formulae IV, V, VI, VII, 

Vmand DC 



SUBSTITUTE SHEET (RULE 26) 



wo 2005/030778 



PCT/GB2004/004116 



-5- 




Another aspect of llie invration relates to a diagnostic composition conqprising a 
rompnnnd of tiie invmtioii, and a phaimaceutically-acceptable diluent or carder* 

Anoth^ Bspect of the invention relates to the use of a diagnostic conqiosition for 
10 the diagnosis of human diseases or conditions in which detection of the oCI nicotinic receptor 
bencficiaL 

Another aspect of the invention relates to the use of a diagnostic composition for the 
diagnosis of psychotic disord^ or intellectual impaiiment disorders. 

Another aspect of the invration relates to use of a diagnostic composition for tiie 
IS diagnosis of Alzheimer's disease, learning deficit* cognition deficit, attention deficit, memory 
loss, Att^tion Deficit Hyperactivity Disorder, anxiety, schizophrenia, mania, manic 
depression, Parkinson's disease, HuntingtCMi*s disease, Tourette's syndrome, 
neurodegenerative disorders in which there is loss of cholinergic synapse, jetlag, cessation of 
smoking, nicotine addiction including that resulting from exposure to products containing 
20 nicotine, craving, pain, and for ulcerative colitis. 



SUBSTITUTE SHEET (RULE 26) 



wo 2005/030778 



PCT/GB2004/004116 



-6- 

A further aspect of the invention is method for diagnosis of diseases or conditions in 
which detection of the a7 nicotinic lec^tCM: beneficial Such a method conqnises 
adnunistering to a subj ect a detectable amount of a compound of the invention, detecting the 
presence and distdbution of said compound in the subject, analyzmg ttie distribution of the 
5 conqx>und in the subject and using the determined distribution to assess die disease or 
condition of the subject 

In a particular embodimmt of this aspect of die invention the method is u^ 
diagnosis of psychotic disorders or intdlectual inxprnmesat disorders. 

In another embodiment of this aspect of the invmtion the method is used for the 
10 diagnosis of Alzheimer's disease, leaining defidt, cognition deficit, attention deficit, memory 
loss. Attention Deficit Hyperactivity Disorder, anxiety, schizophrenia, mania, manic 
depression, Parkinson's disease, Huntington's disease, Tourette's syndrome, 
neurodegenerative disorders in which there is loss of cholinergic synapse, pain, and for 
ulcerative colitis. 

15 Anotiier aspect of the invention relates to a use of a conq[>ound as described above in 

the manufacture of a diagnostic agent for use in die diagnosis of human diseases or conditions 
in which activation of the a7 nicotinic receptor is benefidaL 

A furdier aspect of the invention is a kit useful for diagnosis of diseases and conditions 
mrationedherdn. Suchaldtindudesadetectablequantity of acompoundof fheinvrationin 

20 administrable form and instructions for administering the conqpound and thereafter detecting 
die distribution of die compound in a subject 
Mediods of fteparation 

A particulariy useful isotope, has a half-life of 1 10 minutes. Thus, may be 
incorporated into a radio-labded conq)ound, the compound purified and admmistered to a 

25 human or animal subject In addition, facilities up to about a 200 mile from a cydotron can 
make use of labded conqx>unds. However, relatively few fluorinated analogs that have 
functional equivalence to naturallyoccuning biological materials are known, and few 
mediods of synthesis dfid^tiy utilize the starting material generated in die cyclotron. Such 
starting material can be dttio- fluoride ion or fluorine gas. In the latter case usually only on6 

30 fluorine atom of the bimolecular gas is a radionuclide, so the gas is designated ^^F. 

Reactions using ^^-F as starting material therefore yield products having no more than one 
half the radionuclide abundance of reactions utilizing as a starting material. However, 
can be prepared in curie quantities as fluoride ion for incorpomtion into a compound to 
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yield a high specific activity, tfaec^eticany 1,7 CS/nmol usiog canier-fiee nucleophilic 
substitution reactions. The enagy emission of (0.635 MeV) is also advantageous, 
resulting in a relatively short, 2 A nmi avoage positron range in tissue, permitting high 
resolution PET images. 

5 OthCT halogen isotopes are useful for PET or SYECT imaging, and for conventional 

tracer labding. These include ^^r,^^r,^Br,*^Br,^^"^ and ^^I which have usable 
half-lives and emission charactmstics. In general, chemical strategies exist that permit 
substitution of any of the described isotopes for halogen moiety. Therefore, the bioch^cal 
or physiological activities of any halogenated homologue of the desoibed conq)Ounds are 

10 now available for use by those skilled in the art, including stable isotope halog^ homologues. 

Astatine can also be substituted for other halogen isotopes. ^^^At has a half life of 8.3 
hours and etmXs alpha particles. At-substituted compounds are therefore useful for tumor 
therapy, provided binding is sufficiently tumor-spedfic. 

Methods which may be used for the synthesis of compounds of formula I include flie 

IS method outlined in herem. Unlessoth^wisenoted Ar and are as defined herein for 
Formula 1. 

Scheme 1 




The conq;>ounds of formula I may be prepared by the cross-coupling reaction of 
20 compounds of formula X and XI, wherdn either G or J is halogen or OSO2CF3 when, 
respectively, J or G is an organometallic group. Suitable organometallic groups include 
boionic acid or boronic ester groups, B(0H)2, B(OR)2, or a triaflcylstannyl group SnRs, 
wherein R is an alkyl group. The reaction is performed in the presence of a suitable 
organometallic catalyst and solvent Suitable organometallic catalysts include palladi u m (0) 
25 complexes, for exanq)le tetrakis(triphenylphosphine)palladium(0) or a combination of 
tris(dibenzylideneacetone)dipalladium(0) and a suitable triarylphosphine or triarylarsine 
ligand, for example tdphenylphosphine, tri(c^-tolyl)phosphine or triphenylarsine. Suitable 
solvents include mert ether solv^ts, for example 1,2-dimethoxyethane, tetrahydrofuran, or 
1,4-dioxane, or alcohols, such as etiianol, or mbctures thereof. If the compound of formula X 
30 or XI is a boronic add, the presence of a suitable base m addition to the other reagmts is 
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pirfened. Suitable bases include sodium caibonate^ cesium carbonate, and barium hydroxide. 

Ilie leaction is earned out at a tempmture of 0-120 *Q and pief^^ 

120 

Compounds of fonnula X wherein G or J is an organometallic group or conq)ounds of 

5 formula XI, wherem eitfa^ J of G respectively is an organometallic group may be prepared 
fixxm conqx>unds of ttie corresponding formula wherein G or J is hydrogen, halog^ or 
OSQzCI^ by a smtablemetallation or exchange procedure. The conqmunds whra:ein the 
organometallic group is B(OH)2 may be prepared fix)m suitable aromatic conq[x>unds having 
hydrogen or halogen groups, by conversion to the corresponding aiyllithium or 

10 arylmagnesium conq>ounds followed by reaction with trialkylborate and subsequent 

hydrolysis of the resulting borate est^. Similarly, compounds wherein the organometallic 
group is a trialkylstannyl group may be prepared fiom suitable aromatic compounds having 
hydrogen or halogen groups, by conversion to the corresponding aiyllithium or 
arylmagnesium compounds followed by reaction with an appropriate trialkylstannyl halide. 

IS The formation of the aryUithium or arylmagnesium c6nqx)und is p^ormed in a suitable inert 
solymt, for exaiqple, tetrahydrofiiran. Alternatively, the compounds wherein the 
organometallic group is B(OH)2 may be prepared from suitable aromatic compounds having 
halogen or OSO2CF3 groups by reaction with bis(pinacolato)diboron and an organometallic 
catalyst, followed by hydrolysis of the resulting borate ester, compounds wherein the said 

20 organometallic group is a trialkylstannyl group may be prepared fiom suitable aromatic 
compounds having halogen or OSOad^ groups by reaction widi tiie appropriale 
bis(trialkyltin) in the presence of a suitable organometallic catalyst Thereactionis 
perfonned in a suitable inert solvent, for exanqple tetrahydrofiiran, and suitable organometallic 
catalyst mclude, for example tetralas(triphMyltJiosphine)palladium(0). Thereactionis 

25 performed at a tenqierature of about 0 to about 150%^ preferably about 20 to about 
100°C. T^cal procedures for effecting such conversioiiswiU be known to & 
the art 

The synthesis of radioactive compounds of fonnula I may be prepared by employing 
suitable radioactive starting inarmalg in the above-described procedures, whereby a gprnp B} 
30 in one of the startmg materials is die radioisotope which it is desired to incorporate into the 
compound of formula! Such starting materials are syntfiesized by methods known to one 
skilled in the art of organic chemical synthesis, and radiochemical synthesis. The initial 
introduction of the radioisotope mto a starting material would most usually be by an aromatic 
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substitution leaction or functional groiq) transf omialion reaction employing a suitable 
ladioactive reagent Fbr the conq)Ounds of the invention^ wherein the radioisotope is tritium, 
or a radioisotope of a halogen, suitable radioactive reagrats for the initial introduction of the 
ladioisotope, would include tritium gas, or the radioactive elenoental halogen or metal halide. 

S Specific examples of procedures which may be employed for the introduction of tritium 
include catalytic reduction of an aromatic halide, whereby one or more halogen substitutrats 
in a precursor is reduced with tritium gas in the presrace of a transition metal catalyst, or an 
exchange procedure whereby hydrogen is exchanged for tritium by treatment with tritium gas 
in the presrace of an organometallic catalyst Specific aan4)les of procedures which may be 

10 used for the introduction of a halogen radioisotope include by halogenation with a suitable 
source of the radioactive electrophilic halogen. Particularly useful ficnr the introduction of 
radioactive bromide or iodide is when the electrophilic substitution reaction is performed 
upon an aryltrialkylstannyl precursor, treatment a suitable electrophilic source of the 
radioactive halogen converting the arylstannyl group to an aryl halide. Another method that is 

15 useful is replac^nent of a leaving group in a nucleophilic substitution reaction with a suitable 
radioactive metal halide. This procedure is particularly useful for the introduction of 
through the nucleophilic substitution of suitable leaving groups with ^®F-fluoride. 

In radiosynthesis, it is preferable if the reaction which introduces the radioisotope is 
p^ormed as late as possible in the synthetic sequence, most jn^efe^ Tbus 

20 a particulariy us^iil method for synthesis of the radioactive con^unds of the invention is 
that illustrated in Scheme 2 below, in which the introduction of the radioisotope is performed 
as the last stq) of the syndesis: 

Sdieme2 




25 wherein: 

Af is amoiety of formula Xnt 
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whoeiii: 

D is indq)CTdeDdy at eacfais occucrence CR^ or N; 

provided indeprad^y at eadi occurrence is eitiier R\ or is a precursor group 
selected fix)m halogen or triaDsylstannyl that, in llie transfonnation depicted Scheme 2 
S becomes an occurrence of R^ in fommla I which is a radioisotope of either hydrogen or a 
halogen. 

Hie intermediates of formula Xn and the processes for transfonning compounds of 
fonnuk Xn to con^unds of fonnula I are yet further aspects of the in^^^ Particular 
embodiments of this aspect of the invention are described below. 
10 (1) R^ = Halogen transformed to R^ = ^ 

One or more occurrences of R^ in formula XII is halogen, preferably bromine or 
iodine, and is transformed to a compound of formula I wherein the corresponding occuirmce 
of R^ is tritium by a process comprising treatment of the compound of formula XH with 
tritium gas in tibie presence of a transition metal catalyst Suitable transition metal catalysts 
IS include palladium, platinum, riiodium, which may be in the form of tiie element, including as 
metal blacks, oxides, hydroxides, and on various supports. 

In a particular embodiment of this aspect of the invention the conq^ound of formula 

Xnis: 

(2'R)-5*-(3,4,5-tribromo-2-fluorophenyl)spiro[l-a2abicyclo[2.2^]octa^ 
20 b]pyridine] having the following fcmnula 




Br 



(2) R^ = triallcylstannyl transformed to R^ = halogen 

One or more occurrences of R^ in formula Xn is a trialkylstannyl group, for example a 
trimethylstannyl group or a tributylstannyl group, and is transformed to a compound of 
25 formula I wh^em the corresponding occurrence of R^ is halogen by a process conqxrising 
treatment of the compound of formula Xn with an electrophilic form of a halogen 
radioisotc^ Suitable electrophilic forms of the halogen include the elemental halogen, the 
N-halosucdnhnide, or a metal halide converted to electrophilic form by reaction with an 
oxidizing agrat 
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(3) = A suitable leaving pcpup transformed to = 

One occmrence of R^ in f ommla Xn is a suitable leaving group such as diazonium, 
triaUcylammomuin, nitro, or halogen, and is transformed to a compound of formula I wherein 
die corresponding occurrence of R^ is ^^by aprocess comptismg treatment of the compound 
S of fonnula Xn with ^^-fluonde. The process is preferably performed at an elevated 

tenqierature, preferably greats than 100 "X!! in a polar solvent, for example dunethyl sulfoxide 

or dimethyl sulfone. 

Pharmacolopv 

The suitability of the compounds as radio-ligands may be assessed by detenmning the 

10 binding potmcy of die conqiounds in non-radiolabeled fona by a competition binding assay 
whereby the afSnity of the compound relative to that of die known nicotimc ligand [^^-o- 
bungarotoxin (BTX) is measured 
Test A - Assay for affinity at a7 nAChR subtype 

f ^^-g-Bunparotoxin (BTX) bin ding tn rat hippncam pal membranes . Rat hippocampi 

IS w^ homogenized in 20 volumes of cold homogenization buffer (HB: concentrations of 
constituents (mM): tris(hydroxymethyl)aminomethane SO; MgQ2 1; NaQ 120; KQ S: pH 
7.4). The homogmate was centdfuged for 5 minutes at 1 000 g, the supernatant was saved and 
the pellet re-extracted. Hie pooled siq)enialants were centrifuged for 20 minutes at 12000 g, 
washed, and resuspended in HB . Membranes (30-80 )ig) were incubated with S nM [^^cur 

20 BTX» 1 mg/knL BS A (bovine serum albumin), test drug, and eHher 2 mM CaClz or 03 mM 
ECTTA [ediylme glycol-bis(P-aminoediyl^^)] for 2 hours at 21 "C, and then fQtered and 
washed 4 times over Whatman glass fibre filters (fhidcness Q using a Brandel cell harvester. 
Pretreatmg die filtra for 3 hours with 1% (BSA/0.01% FEE (polyediyleneimdne) in water was 
ciitical for low filter blanks (0.07% of total counts per minute). Nonspecific binding was 

2S described by 100 \jM (-)'nicotine, and specific binding was typically 7S%. 
Test B - Assay f or affinit y to the Oa nAChR subtype 

[^-(-Vnicotine binding. Using a procedure modified firom Martino-Barrows and 
Kellar (Mol Pharm (1987) 31:169**174), rat brain (cortex and hippocampus) was homog^iized 
as m die [^a-BTX binding assay, oratrifuged for 20ntmutes at 12,000 x g, washed twice, 

30 and dien resuspended in HB containing 100 fiM diisopiopyl fluorophosphate. After 20 
minutes at 4 ^C, mendnanes (qyproximately OS mg) were incubated with 3 nM [^-(-0- 
nicotine, test drug, 1 \iM atropme, and eidier 2 mM Caa2 or 0.S mM EGTA for 1 h at 4 ''C, 
and dien filtered o v^ Whatman glass fibre filters (diickness Q (pretreated for 1 h widi 05% 
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PEI) using a Brandel cdl harvester. Nonspecific binding was described by 1 00 )iM caibachol, 
and spedfic binding was typically S4%. 
Binding data analysis for Tests A and B 

ICso values and pseudo Ifill coefiBdmts (nH) were calculated using the non-liuear 
5 curve-fitting program ALLFTT (DeLean A, Munson P J and Rodbard D ( 1 977) Am. J. 
Physiol., 235:B97-E102). Saturation curves were fitted to a one site model, using the non- 
linear regression program ENZPITTER (Leatfaeibanow, RJ. (1987)), yielding KD values of 
1.67 and 1.70 nM for tfie ^^-oerBTX and [3H]-(-)-nicotine ligands respectively. Ki values 
were estimated using the general Cheng-Prusoff equation: 

10 Ki-[IC5o]/((2+(Digand]/[KD])n)yn-l) 

where a value of n=l was used whenever iiH<l.S and a value of n=2 was used when nH>l^. 
Samples weie assayed in triplicate and were typically ±5%. Ki values vfm determined using 
6 or more drug concentrations. The compounds of the invention are compounds witti binding 
affinities (Ei) of less than 1000 nM in eiibsac Test A or Test B, indicating that tiiey are 

15 esqpected to have usefidtherq)eutic activity. 
EXAMPLES 

IhtemrediatB 1: (270-S'-Tdmetiiylstamiylspiro[l-azabicyclo[2.2.2]octane-3,2^^ 
furo[2,3-b]py]idine] 




(2Tl>-5'-Bromoqwro[l-azahicydo(2.2.2]octane-3,2X3T^fu^ (690 
mg, 2.34 mmol) (prq)aied as described in US6,1 10,914 the disclosure of which is 
incorporated herein by refei:ence) hexamethylditin (1.225 g, 0.27 mmol) and 
tetralds(triphraylphosphme)palladium(0) (266 mg, 0.027 msnol) wm mixed with 10 mL of 
toluene and sealed under nitro^n. The mixture was stirred and heated at 120 'X^undCT 
nitrogenfor4h. The mixture was allowed to cool, then filtered through diatomaceous earth. 
The filtrate was diluted with chloroform, washed with saturated sodium bicarbonate, dried 
through MgSOii, filtered, and then the solvent was evaporated. The residue was purified by 
flash chromatography using a gradient of ammoniated methanol in chloroform to give the tide 
compound as a pale solid; m/z 377 379 381 (M+). 

Example 1: (2 K)-5X2-fluQrophenyl)spiro[l-azabicyclo[2.2.2]octane-3,2'(3B)-fim)[2,3- 
blpyridine 
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A solution of (27;)-S-tijix]»tiiylstaimylspiio[l-azabicyd^ 
fiiio[23-b]pyridine] (19Qmg, O^Qmmol) in dry toluene (5 mL) was treated with 2- 
faromofluorobenzene (88ing, OilQmmol) and tetralds(tfphenylphosphine)palladinm(0) (58 

5 mg, 0.05 mmol). The resnlting solution was heated at 1 10 ^ under a nitrog^ atmosphere for 
45 min. The reaction was sainpled at t = 0 min and t = 30 min and analyzed by 
reaction was essentially co^^>lete at t = 30 min. The reaction was allowed to cool to room 
teniperatare and filtered dirougihdialainaceous earth, lb 10 mL 

of chloroform and tiie conibined £QtrateAwashing was concentrated on a rotary evqxirator. The 

10 residue was purified by preparative HPLC (Watm Cis column, eluting with 0 to 80% 

acetonitdle in water buffered with 0.1% v/v trifluoroacetic add, over 20 minutes) to give 68 
mg of the tide compound as a colorless oil. 

Example 2: (2 K)-5H4-Ainino-2-fluorophenyl)spiro[l-azabicyclo[2.2.2]octane-3;2'(31^ 
fi]ro[23-b]pyridine 



15 




To a 5 mL volume of dry toluene und^ an atmosphere of nitrogen in a 25 mL flask 
widi stirring bar was added in succession (27;)-5 -trimetiiylstannylspiroCl- 
azabicyclo[2.2.2]octane-3,2X3H)-fiiro[23-b]pyridine] (181 mg, 0.478 mmol), 
tetFakis(tiiidienylphosphine)palladium(0) (52 mg, 0.045 mmol) and 4-faronio-3-fluGfoani]ine 

20 (91 mg, 0.478 mmol). Tliemixture was heated witii stirring to 120 "X: for 21 h,tiiraaUow^ 
to cool to ambient t^nperatore. The reaction riiixture was treated witii 10 rnL of chloroform, 
stirred 5 min. tfien filtrated tiirougjb a bed of diatomaceouseartii. The filtrate was evirated 
to dryness, the glas^ residue was dissolved in 6 mL of 3 :2 acetoiutrile/water, then purified by 
HFLC on a Qg column eluting with an ac^nitrile/water gradimt containing 0. 1 % TPA. 

25 Product-containing firactions were combined, the solvrats were removed under vacuum, and 
tiie gunmiy residue tiien triturated with hexane and ether. The residue was treated with 4 mL 
saturated aqueous NaHCX>3,th» die inixtiue was extracted wifl^ The 
combined extracts were dried over MgS04, filtered, and ev^orated to give 3 1 mg of die 
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product as a colorless soUd (12271-103-A). NMR (DMSO-dis): 5 7.926 (s. IH), 7.609 (s, 
IH), 7.110 (t, IH, J = 8.7 Hz), 6.429 (s, IH), 6.420 (dd, IH, J = 23 Hz, 0.5 Hz), 3.440 (d, IH, 
J = 16 J Hz), 3.269 (s, IH), 3.103 (d, IH, J = 16.8 Hz), 3.057 (d, IH, J = 13.8 Hz). 2.951 (d, 
IH, J = 14.4 Hz), 2.792 (t, 2H, J = 8.4 Hz), 2.685 (t, 2H, J = 7.8 Hz), 1.94 (m, 2H), 1.60 (m, 
5 2H). 




Br 

To a saspeosioii of (270-5'-<4-ainino-2-fluorophenyl)spiro[l-azabicycloI2.2.2]octane- 

10 3,2*(3'IO-furo[2,3-b]pyridme (30 mg. 0.092 mmol) stined in acetonitnle (0.5 mL) in a vial 
widi magnetic stiner was added CuBra (4 mg, 0.018 mmol), followed by bromine (19 |(L, 
0.368 mmol) woe added, and the loosely capped vial was heated widi stilting at 50 finr 45 
mm. After this time ^b1Ityl nitrite (13 0.11 mmol) ofwas added, whkh caused imnied^ 
bubbling. After stiiring for an additional 30 nun at 50*^ die mixtaie was cooled to ambioit 

15 tenqioatnie then diluted with 10% aqueous Na2SQ3 (about 200 ^), and die dark brown 
reaction mixture diangedcQlar to yellow. The mixture was diluted witfi water dien extracted 
with chloroform (2 X 3 mL). The combined extracts w«e washed wididihitB aqueous 
Ni^zCQs then dried ova: MgS04. The mixture was filtered and die filtrate evqxnatBd to 
dryness to yield (270-5'-<3,4,5-tdbiomo-2-fluoroidie&yl)spiro[l-azidncyclo^^ 

20 3,2'(3'H)-fiiro[23-bJpyridine (43 as a yeUow gjkissy sdid. NMR (DMSO-de): 5 8.127 (s, 
IH), 7.988 (d, IH, Jfh = 7.5 Hz), 7.820 (s, IH). 3.482 (d. IH, J = 17.0 Hz). 3.271 (s, IH), 
3.154 (d, IH, J = 17.6 Hz), 3.097 (d, IH. J = 16.4 Hz), 2.984 (d, IH, J = 15.1 Hz), 2.807 (t, 
2H. J = 7.9 Hz), 2.701 (t, 2H, J = 7.6 Hz), 1.97 (m, 2H), 1.60 (m. 2H). MS: [M+H]* m/z 545 
(30%). 547 (100%), 549 (80%), 551 (20%). 

25 Example 4A: Deuterium-labeled (2'i0-5K2-£luor(^h«iyl)qHro[l--azabicyclo[2.2.2]octane- 
3,2'(3'H)-furo[23-b]pyridine 
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Palladium (5% on carbon, 4 mg) was placed in a 10 mL flask with magnetic stimng 
bar. An atmosphere of deuterium gas was established in the flask, then a solution of 4 mg of 
(2K)-5H3,4^-tribromo-2-fluorophenyl)spiro[l-azabicyclo[2,2.2]octa^ 

5 blpyridine in 1 mL of 95% ethanol and SO ;iL of trietfaylamine was added. The mixture was 
stirred vigorously under D2 for 85 min then worked up by evaporating the solvent under 
reduced pressure, suspending the residue in chloroform, filtering it through a layer of 
diatomaceous earth and evaporating the filtrate to provide 1.8 mg of the deuterium labeled 
compound m/Z 312 (13%). 313 (92%), 314 (100%), 315 (17%), calculated to contain 2.34 

10 moles deutoium/mole. 



RTam plftAB: Tritium-labded(270-SH2-fluQropheayl)spiro[l-azaMcyclo[2.2.2]^^ 
3,2'(3'H)-furo[23-blpytidine 




Tritium labeling was performed using a method analogous to that of st^ (d) above 
15 fix)m (27?)-5H3,4,5-tribromo-2-fluorophenyl)spht)[l-azabicyclo[2.2.2]octan^^ 
furo[2,3-b]pyridine con5)ound using tritium gas. Tritium-labeled (27?>-5 -(2- 
fluon)phenyl)spiro[l-azabicyclo[2.2.2]octane-3,2X3H>-furo[2,3-b]py^ was obtained at a 
specific activity of 69 Ci/mmole, equivalent to 2.37 moles tritium/mole. 
Rvam plftar! [**Fl-labeled (2K)-5 -(2-fluorophenyl)spiro[l-azabicyclo[2.2.2]octane- 
20 3,2X3'H)-furoI23-b]pytidine. 

(a) N,N-Dimediyl-2-bi0moan]Iine 
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2-Biomoamline (213 g, 124 mmol), and sodium borohydride (27*5 g) suspended 
in THF (-"'lOO mL) and the suspension was added portion- wise to a mixtme of 37% fonnalin 
(35 mL), aqueous sulfuric add (3 M, 35 mL) , and TBDP (250 mL) which was stirred in a cold 
wat^ bath. When the addition was approxunatdy 50% con^lete, further aqueous sulfuric 

5 add (3 M, 35 mL), was added. Afiertfaeaddition was conq)lete the mixture was stkred for a 
further IhythmwatCT was added. Themixtnre was basified by £he addition of solid 
potassium hydroxide, then was extracted with etiier. Tlie ether extract was washed with water 
and brine, then dried, filtered, and eviqporated. The residue was subjected to bulb-to-bulb 
distillation under reduced pressure to give the title conq)ound as an oil (21.2 ^, MS (m/z) 

10 200, 202 (MH*). 

(b) 2-Bromophrayltrimetiiylammoniumtri£luoronDLethanesulfonate 

CF3SO2 




N J<l-I>imetfayl-2p-bromoaniline (2.0 g, 10 nunol) was stirred under inert atmosphere at 
-78 Trifluorometfaylsulfonic add methyl ester (1.5 mL, 2.2 g, 13 mmol) was added, then 

15 the nuxture was stirred and allowed to warm to room temperature ov^2h. The mixture was 
then partitioned between hexane and wat^. The aqueous layer was evaporated, tiien solvent 
was added to tiie residue and ttien evq)orated; this procedure was rq^ 
rnetfianol, methyl t-butyl^faer and finally hexane as the solvent The residue was orystallized 
finom isopropanol/hexane to give the tide compound as an oiL 

20 (c) ([^*Fl-labeled) (2K)-5X2-fluorophenyl)spiro[l-azahiqrclo[2.2.2]octan&-3,2^^^ 
fuio[2,3-b]pyridine 




Potassium [^^-fluoride is prepared by proton lx>mbardment of ^^O water followed by 
captmt of the fluoride anion on Do wex ion exchange resin and dution witii dilute potassium 
25 carbonate. The potassium fluoride is heated with 2-bromophenyltrimethylainmonium 

trifluorometfaanesulfonate in a smtcible qxrotic solvent to give 2-bromo-[^^-fluoiobenzme. 
A potassium cation sequestering agent such as 4,7,13,16,21,24-hexaoxa-l,10- 
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diazafaicyclo[8.8.8]hexacosaiie may be beneficial for the saccessM p^omiance of this 
leacdon. 2-Biomo-[^^-flaon)b»izrae is then treated with (2K>^^^ 
azabicyclo[2.2.2]octane-3;2X31I)-fiiio[23-b]pyri under conditions analogous to tbose 
described in Exanq>lel,d)ove,ad^ted to the smaU scale synthesis of tbeP The 
S compound is purified by reverse phase HPLC. 

Example 5: (2'RH2-fluorophenyl)spiro[l-azabicyclo[2.2.2]octane-3.2'(3*HV 
b]pyridine. 

(a) (2*RH5-formyl-2-mtrophenyl)spiro[l-azabicyclo[2,2.2]octane-3,2X 
bjpyridine 




A mixture of 3-bromD-4-mtrobenzaldehyde (247 mg, 1.07 mmol), (2'R>5'- 
triinethylstannylspiro[l-a2abicyclo[2.2.2]octane-3,2X3'H)-fi^ (406 mg, 1.07 

mmol), and Pd(PPh3)4 (186 mg, 161 pmol) in anhydrous toluene (15 mL) was heated to reflux 
under argon for 20 h. The mixture was concentrated m vacuo, dissolved in MeOH (10 inL) 
15 and filtered through a 0.45 |im filter. The solution was concratrated and redissolved in 1:1 
acetonitrilerBbO. The product was isolated by prq)arative reverse-phase chromatogi^ 
using a gradirat of acetonitrile/water to give the titie conqmund as an orange oil (156 mg, 40 
%). 

(b) (2'RH2-fluoro-5-formylphenyl)spiro[l-azabicydo[2.2.2]octan^^ 
20 blpyridine 




An aqueous potassium fluoride solution (73 ^L, 4.1 |imolofKF) was transferred into 
a conical glass vial containing 4,7,13,16,21,24-hexaoxa-l,l()-diazabic7clo[8.8.8]hexacosane 
(5 mg, 13.2 jjunol) and K^COs (0.5 mg, 3.62 |imol) m 500 )iL of acetonitrile. The water was 
25 removed by azeotropic distillation with anhydrous acetonitrile (3 x 300 ^L) at 1 00 "X}, under a 
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Stream of aigon. A 500 portion of diyDMSO was added to dissolve the residue. A 
solution of (2'RH5-formyl-2-nitcophenyl)spiro[l-azaU(7do[2^.2]oct^ 
fi]ro[2,3-b]pyridine (15 mg, 4.1 (xmol) in 250 )iL of dry DMSO was added to tiiis solution. 
The vial was sealed witb a teflon fiEu^edseptim and healed at 130^. The progress of the 

5 reaction was monitored by reverse phase LC-MS» and the yield of product was found to reach 
arnaximum(69%)inabout25inin. The reaction mixture was diluted to 5 mLwitii water and 
loaded onto a cartridge of Cis silica gel (500 mg) preconditioned by washing with methanol 
then water. The loaded cartridge was washed with 5 mL of water, then die tifle compound 
was eluted with 2 mL of MeOHmto a 4 mL flat-bottomed glass vial. The metiianol was 

10 removed by heating the solution at 100 under a steam of argon. Any residual water was 
removed with a further azeotropic distillation using anhydrous acetonitrile (2 x 300 pL). 
(c) (2'RH2-fluorophenyl)spiro[l-azabicydo[2.2.2]octane-3,2'(3*H>f^ 




CHO 



While the vial was still under argon but removed from teat» 200 pL of anhydrous dioxane 
15 was added, followed by Rha(PPh3)3 (6.5 mg, 7.0 (imol). The vial was sealed and heated at 
130 The progress of the reaction was monitored by reverse phase LC-MS, and the yield 
of pxKluct was found to reach a mayimum (66%) within 10 min. Synthesis of the tide 
compound was confiimed by fractionation of the reaction mixture in a suitable HPLC-MS and 
detection of an eluate having a mass and retmtion time identical to those of an indep^entiy 
20 prepared authentic exanq)le of the tide conq)ound. 
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CLAIMS 



1. AcoiiqK>undmaccQidwithfon^ 




10 wherem: 

A is indepradenfly at each occunence CR^ or N provided at least one A is 

is independently at each occunence H, Ci-Cealkyl, or halogen, provided that at 
least one occurrence of R^ conqnises tritium or a halogra radioisotope. 

IS 2. A conqK)und according to Qaiml, wherein no more than one occurrence 

3. A conq>ound according to Claim 1, wherein no more than two occurrences of R^ are 
other dian hydrogen. 

20 4. Acoiiqpoundaccoidingto€Ilaiml» wherein Ar is a moiety of formula^ 




m. 



25 



S . A compound according to Claim 1 , wherein R is hydrogen or fluorine^ and A is N at 
no more than one occurrence. 
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6. Aconiix>undacco(diiigtoC3aiml,wha:dnArissdect^ 
[^"FjfluGtopheayl or 2-[*"F]fkKMX)-3-pyri^l. 

5 7. A compound according to Claim 1 conqnising tritiinn. 

8. A confound according to Qaiml,conq»ising a iadi(XTOtopesdec^ 
«^»^I,'^r.'«Br.'^ror«Br. 

10 9. A compound acc(Hding to Claim 8, comprising 



10. A compomid according to Claim 1 selected from coa^x)vmds of formulae IV, V, VI, 
VII,Vinand DC 



15 



20 




(TV) 



(V) 




(VI) 



cm 




(vm) 



OK) 
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11. A diagnostic conq[)Osition comprising a compound of die invration, and a 
phannaceutically-acceptable diluent or earner. 

12. A method for diagnosis of diseases or conditions in which detection of the a7 
S nicotinic iecq[>tQr beneficial comprising: 

administering to a subject a detectable amount of a compound of the invention; 
detecting the piesrace and distribution of said conqiound in said subject; 
analyzing die distribution of said compound in said subject; 
using said distribution to assess the disease or condition of said subject 

10 

13. The meAod of Claim 12 for the diagnosis of psychotic disord^ or intellectual 
impairment disorders. 

14. The method of Claim 12, for the diagnosis of Alzheimer's disease, learning deficit, 
15 cognition deficit, attention deficit, memory loss. Attention Deficit Hyperactivity Disorder, 

anxiety, schizophrenia, mania, manic depression, Paridnson*s disease, Huntington's disease, 
Tomette's syndrome, neurodegenerative disorders in which there is loss of cholinergic 
syni^e, pain, and for ulcerative coUtts. 

20 IS. Akitconq^xrising: 

an administrable and d^ectable quantity of a conqxiund according to Claim 1, and 
instructions for administering and thereafter detecting the distribution of said 
CQnqx>undin a subject 

25 
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